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Objective To assess the number of children born with microcephaly in the State of Paraiba, north-east Brazil.

Methods We contacted 21 maternity centres belonging to a paediatric cardiology network, with access to information regarding more
than 100 000 neonates born between 1 January 2012 and 31 December 2015. For 10% of these neonates, nurses were requested to retrieve
head circumference measurements data from delivery-room books. We used three separate criteria to classify whether a neonate had
microcephaly: (i) the Brazilian Ministry of Health proposed criterion: term neonates (gestational age > 37 weeks) with a head circumference
of less than 32 cm; (ii) Fenton curves: neonates with a head circumference of less than —3 standard deviation for age and gender; or (iii) the
proportionality criterion: neonates with a head circumference of less than ((height/2))+10) + 2.

Findings Between 1and 31 December 2015, nurses obtained data for 16 208 neonates. Depending on which criterion we used, the number
of neonates with microcephaly varied from 678 to 1272 (4.2—8.2%). Two per cent (316) of the neonates fulfilled all three criteria. We observed
temporal fluctuations of microcephaly prevalence from late 2012.

Conclusion The numbers of microcephaly reported here are much higher than the 6.4 per 10 000 live births reported by the Brazilian live
birth information system. The results raise questions about the notification system, the appropriateness of the diagnostic criteria and future
implications for the affected children and their families. More studies are needed to understand the epidemiology and the implications for
the Brazilian health system.

Abstracts in LS5 H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Congenital microcephaly is a neurological condition defined
by an occipital-frontal head circumference that is smaller than
expected for the gestational age and gender. Head circumfer-
ence is a validated measurement for intracranial brain volume,
since the growth of the cranium depends on the forces of the
expanding brain. Microcephaly could, therefore, be used as
an indicator of an undersized brain. However, controversy
exists concerning the suitable lower limit for this measure-
ment, as well as over the need for ethnically controlled data.
Furthermore, establishing the clinical implications of an un-
dersized brain is difficult. Common causes of microcephaly are
genetic disorders, severe malnutrition during pregnancy and
intrauterine infections - such as syphilis and toxoplasmosis.

Microcephaly is a rare condition. In the United States of
America, the prevalence has been estimated to range from 2.0
to 12.0 newborns with microcephaly per 10 000 live births* and
the European Surveillance of Congenital Anomalies centre
reports 2.9 newborns with microcephaly per 10 000 live births.’
In Brazil, the live birth information system, SINASC, reported
a prevalence of 0.6 newborns with microcephaly per 10 000 live
births in 2010.* However, the reporting of microcephaly was
neither compulsory nor had clearly defined criteria. Between
November 2015 and February 2016, however, the reported
number of newborns with microcephaly reached a total of
5280 in 25 of the 27 Brazilian states. More than 80% of them
were from north-east Brazil and the State of Paraiba reported
776 newborns with microcephaly.

Since 2012, the government in Paraiba has run a pae-
diatric cardiology network,® in collaboration with Circulo

do Coragdo, a nongovernmental organization. The network
has screened and stored cardiovascular data from more than
100000 neonates from this state. However, the original data
set does not include head circumference data. To increase
the knowledge about microcephaly prevalence in Paraiba,
the network carried out a four-week exercise between 1 and
31 December 2015, to obtain head circumference data from
10% of the neonates in the data set. This article summarizes
the results from this research.

Methods

The network collected data on all neonates born in the 21
participating maternity centres. To retrieve data on head
circumference for a subset of these neonates, we exported
data - including an identification number, the date of birth
and the mother’s name, for all neonates in the network - from
the database to an electronic spreadsheet. We added an extra
column to the spreadsheet with the heading head circumfer-
ence. We sent the spreadsheet to each participating centre by
email, and in the email asked the nurses to retrieve the head
circumference measurements from the delivery-room books.
In Brazil, a newborn’s occipital-frontal head circumference is
measured in the delivery room by a nurse or a paediatrician,
who uses a common measuring tape. The measurement is
noted in the delivery room book as part of the routine perinatal
practice in Paraiba state.

The goal was to retrieve data on approximately 10% of
the neonates born between 1 January 2012 and 31 December
2015. To distribute the collection of data evenly over time,
we suggested that the nurses should randomly select 10% of
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each month’s deliveries. The nurses first
printed the spreadsheet and wrote down
the head circumference of the selected
neonates on the list. Then, they logged
on to the network’s database, typed in
the identification number for each se-
lected neonate and manually entered the
measurement in the newly added field
for the head circumference data.

We obtained additional information
about the mother’s name and address,
the gestational age, the length and
weight, and the gender of the neonate at
birth, from the network’s database. Data
on ethnicity were not collected. We only
included neonates with complete data.

We classified neonates as having mi-
crocephaly by using one of the following
criteria: (i) the criterion proposed by the
Brazilian Ministry of Health, for which
a term neonate (gestational age >37
weeks) is diagnosed with microcephaly
if the head circumference is less than
32 cm;’ (ii) Fenton curves, for which
neonates are classified as having micro-
cephaly if the head circumference is less
than -3 standard deviation for age and
gender;* or (iii) the proportionality cri-
terion, for which a neonate is classified as
having microcephaly if the head circum-
ference is less than ((height/2)+10) £2.°

We made four different analyses:
one for each criterion and one where the
neonates had to fulfil all three criteria. In
addition, within each of the criterion, a
neonate was classified as having severe
microcephaly when the measurement
was —3 standard deviation or more for
that criterion.

We used the software R, version
3.3.0 (R Foundation, Vienna, Austria)
for all data analysis. For statistical analy-
sis we used the Friedman test.

Results

Nurses retrieved data from 16 208
neonates, of whom 7750 were females
and 8458 were males. Most of the
babies (15591; 96.2%) were full term
neonates, 12 146 (74.9%) weighed
more than 3000 g and 15572 (96.1%)
measured more than 45 cm in length,
at birth (Table 1).

Depending on which criterion
we used, 4.2% (678) to 8.2% (1272)
of neonates were classified as having
microcephaly and 316 (2.0%) neo-
nates fulfilled all three criteria. Of the
neonates that fulfilled all three criteria,
three were classified as having severe
microcephaly (Table 2).
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Table 1. Characteristics of the neonates born between 1January 2012 and 31 December

2015, Paraiba, Brazil

Characteristic

No (%) (n=16208)

Gender
Female

Male
Gestational age, weeks
<32
>32-<34
>34- <37

>37

Weight, g
<1500

> 1500- < 2000
>2000- < 2500
>2500- <3000
>3000
Length, cm
<35

>35-<40
>40- <45
>45- <50

>50

OFC,cm

<30

>30- <31
>31-<32
>32-<33

>33

7750 (47.8)
8458 (52.2)

OFC: occipital-frontal head circumference.

Notes: Nurses retrieved data on head circumference for 10% of neonates participating in the paediatric
cardiology network in Parafba. Inconsistencies arise in some values due to rounding.

Between 2012 and 2015, the num-
ber of neonates with microcephaly
fluctuated, all of the criteria showed
a similar pattern over this time. From
the end of 2012, the numbers were
higher than expected, with the highest
peak in mid-2014 (Fig. 1). When we
only considered neonates with severe
microcephaly, we observed a significant
increase in numbers (P=0.001) from the
third quarter of 2015 (Fig. 2).

Discussion

Between 2012 and 2015, the Brazilian
live birth information system reported
a microcephaly prevalence of 6.4 per
10000 live births in Paraiba.” Our study
indicates that the prevalence could have
been even higher. When projecting our
findings to the total number of live
births in Paraiba in 2014 (n =58 147), if
we use the proposed criterion from the
health ministry, the estimated number
of neonates born with microcephaly in
that year is 4652; if we use the Fenton

curves, the estimated number is 2442;
and if we use the proportionality crite-
rion, the estimated number is 2907. The
estimated number of neonates fulfilling
all three criteria is 1105.

These observations raise several ques-
tions. First, what is the true prevalence of
microcephaly in north-east Brazil? The
discrepancy in numbers between the
Brazilian Ministry of Health and this study
may reflect underreporting in recent years
associated with an even greater incidence
of microcephaly than presumed. It is pos-
sible that a high prevalence of the non-
severe forms of microcephaly had been
occurring before the current outbreak, but
health workers had only notified the live
birth information system about the cases
of neonates with typical severe phenotypes.
As aresult of the number of neonates with
severe microcephaly increasing in the
last quarter of 2015, the health workers’
awareness might have increased, there-
fore causing them to notify the live birth
information system about the milder
forms as well.
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Table 2. Occurrence of microcephaly in neonates born between 1January 2012 and

31 December 2015, Paraiba, Brazil

Criteria

No. (%) (n=16208)

Brazilian Ministry of Health?
Normal
Microcephaly
All
Severe
Fenton curves®
Normal
Microcephaly
Al
Severe
Proportionality criterion®
Normal
Microcephaly
Al
Severe
Fulfilling all criteria
Normal
Microcephaly
All
Severe

14319 (91.4)

1272(8.2)
16 (0.1)

15530 (95.8)

678 (4.2)
6 (<0.1)

15405 (95.0)

803 (5.0)
11(<0.1)

15876 (98.0)

316 (2.0)
3(<0.1)

2 The proposed criterion from the Brazilian Ministry of Health is that a term neonate (gestational age 37
weeks or more) is diagnosed with microcephaly if the head circumference is less than 32 cm. Of the

neonates in the data set, 15 591 were term neonates.

® Fenton curves classify neonates as having microcephaly if head circumference is less than —3 standard

deviation for age and gender.

¢ The proportionality criterion classifies neonates as having microcephaly if the head circumference is less

than ((height/2)+10) + 2.

Note: Inconsistencies arise in some values due to rounding.

Fig. 1. Temporal distribution of neonates with microcephaly in Paraiba, Brazil,
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Notes: The proposed criterion from the Brazilian Ministry of Health is that a term neonate (gestational age
37 weeks or more) is diagnosed with microcephaly if the head circumference is less than 32 cm. Fenton
curves classify neonates as having microcephaly if head circumference is less than —3 standard deviation
for age and gender. The proportionality criterion classifies neonates as having microcephaly if the head

circumference is less than ((height/2)+10) + 2.

Second, what is the most appropri-
ate diagnostic criterion for microcephaly
in this setting? If we only consider the
number of neonates with severe micro-
cephaly in our study, this number is in

the expected range of 2-12 neonates
with microcephaly per 10 000 live births,
reported by the United States Centers
for Disease Control and Prevention.”
However, most of the neonates in our
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study had milder forms of microcephaly.
The clinical significance of these milder
forms is not well established. For exam-
ple, we do not know if a head circumfer-
ence of 31 mor 32 cm in a term neonate
could be within normal limits for this
particular population. We also do not
know if ethnical or nutritional factors
could explain these findings. We need
to determine if the population is facing
large numbers of children with a neuro-
logical disease or if the observation is an
anthropometric variation of normality.

Third, what is the cause of the in-
crease in microcephaly prevalence? This
question has attracted a lot of attention
and the most likely explanation is the
Zika virus outbreak that started in mid-
2014 in Brazil. It is believed that the Zika
virus was introduced to Brazil during
the 2014 FIFA World Cup.'’ Researchers
have postulated a possible association
between microcephaly and the Zika
virus intrauterine infection.'’ Evidence
favouring this hypothesis are: perinatal
transmission of the Zika virus;" the
virus’s strong neurotropism;" and the
detection of the virus in amniotic fluid
of fetuses with microcephaly.'!

The Zika virus was identified in
Africa more than 50 years ago'* and
despite the numerous outbreaks of the
virus, both inside and outside Africa, an
increase in the number of neonates with
microcephaly has not been reported.
However, during a Zika virus outbreak
in French Polynesia in 2013, the virus
was associated with several conditions,
including Guillain Barré syndrome and
microcephaly.'>'®

The Zika virus is transmitted by
Aedes aegypti mosquitoes and infec-
tions transmitted by this vector dem-
onstrate temporal fluctuations similar
to the fluctuations of microcephaly
that we present here.'® Researchers are
considering whether other concurrent
infections transmitted by Ae. aegypti,
such as dengue and chikungunya, might
explain the increase in microcephaly
seen in Brazil. The hypothesis is that
concurrent infections have an additive
effect that promotes microcephaly. A
study from the island of La Réunion- an
overseas department of France - showed
an association between chikungunya in-
fections and microcephaly.'” Teratogens’
exposure — such as vaccines or drugs
used in early pregnancy - is another
potential factor to consider as a potential
cause of microcephaly."'® Furthermore,
malnutrition, which has previously been
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Fig. 2. Temporal distribution of neonates with severe microcephaly in Paraiba, Brazil,
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Notes: The proposed criterion from the Brazilian Ministry of Health is that a term neonate (gestational age
37 weeks or more) is diagnosed with microcephaly if the head circumference is less than 32 cm. Fenton
curves classify neonates as having microcephaly if head circumference is less than —3 standard deviation
for age and gender. The proportionality criterion classifies neonates as having microcephaly if the head

circumference is less than ((height/2)+10) + 2.

associated with microcephaly, could
worsen the effect of other etiological
factors. Indeed, most of the reported
neonates with microcephaly have come
from low-income families.®

In Brazil, controlling the Ae. aegypti
vector has been a major public health
strategy to combat the arboviruses. This
strategy is justified both by its potential

to reduce the number of babies born
with microcephaly - if the association
with Zika virus infections proves true —
and for the reduction of other Ae. aegypti
transmitted diseases, such as dengue and
chikungunya infections.

At this stage, we can only conclude
that Brazil is facing a new and challeng-
ing public health problem. The current

Juliana Sousa Soares de Araujo et al.

epidemiological and clinical data are
insufficient to make conclusions con-
cerning the risk factors of microcephaly
and the pathogenic mechanisms of the
Zika virus. Further retrospective studies
and follow-up investigations on children
with well-defined or borderline micro-
cephaly will be important to clarify the
etiology as well as the neurological con-
sequences of these diagnoses. Children
born with microcephaly can also have
other birth defects, which could further
aggravate the neurological manifesta-
tions. For the affected children and the
families it is paramount that the govern-
ment provides management strategies,
such as social inclusion programmes
and access to specialized health care. l
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Résumé

La microcéphalie dans le nord-est du Brésil: une étude rétrospective chez les enfants nés entre 2012 et 2015

Objectif Estimer le nombre d'enfants nés avec une microcéphalie dans
I'Ftat de Paraiba, au nord-est du Brésil.

Méthodes Nous avons contacté 21 maternités qui faisaient partie d'un
réseau de cardiologie pédiatrique et qui avaient acces a des informations
concernant plus de 100 000 enfants nés entre le 1 er janvier 2012 et le
31 décembre 2015. Pour 10% de ces enfants, nous avons demandé
aux infirmieres de récupérer les données sur les mesures du périmetre
cranien dans les registres des salles d'accouchement. Nous avons utilisé
trois criteres distincts pour déterminer si des nouveau-nés présentaient
une microcéphalie: (i) le critere proposé par le ministere de la Santé
brésilien: enfants nés a terme (age gestationnel > 37 semaines) avec
un périmetre cranien inférieur a 32 cm; (ii) les courbes de Fenton:
nouveau-nés au périmetre cranien inférieur a un écart type de —3 pour
leur age et leur sexe; ou (iii) le critére de proportionnalité: nouveau-nés
au périmetre cranien inférieur a ((taille/2)+10) £+ 2.

Résultats Entre le Teretle 31 décembre 2015, les infirmieres ont recueilli
des données sur 16 208 nouveau-nés. En fonction du critere utilisé, le
nombre de nouveau-nés présentant une microcéphalie variait de 678 a
1272 (4,2-8,2%). Deux pour cent (316) des nouveau-nés remplissaient
tous les critéres. Nous avons observé des fluctuations temporelles de
la prévalence de la microcéphalie a partir de la fin de I'année 2012.
Conclusion Le nombre de cas de microcéphalie indiqué ici est bien
plus élevé que celui de 6,4 pour 10 000 naissances vivantes déclaré
par le systeme d'information brésilien sur les naissances vivantes. Ces
résultats soulevent des questions quant au systeme de notification, ala
pertinence des criteres de diagnostic et aux implications futures pour
les enfants concernés et leur famille. Il est nécessaire de réaliser d'autres
études afin d'en comprendre [épidémiologie et les implications pour le
systeme de santé brésilien.

Lienb OueHnTb KONMYECTBO feTel, POXKAEHHbIX ¢ MUKpouedanme, B wrtate Mapaiba Ha ceBepo-BOCTOKE

bpasunun.

Mukpouedanusa Ha ceBepo-BoCToKe bpasunuu: peTpocnekTUBHOE UCCIeA0BaHNE MIAAEHLEB, POANBLUMXCA B

nepuog mexay 2012 n 2015 rogamu

MeTogbl ABTOPbI 00PATUANCE B 21 POAVIIBHBINA [JOM, OTHOCALLUIACA
K CETN OEeTCKMX KapAMONOrnYecknx 60MbHNL, ¥ MOMy4Ynnmn JocTyn
K nHdopmaumn o bonee vem 100 000 cryyaes HOBOPOXKAEHHbBIX
B nepunof mexay 1 ansapa 2012 roga v 31 gekabpsa 2015 roga.
Y 10% 3T1X HOBOPOMXAEHHbBIX aBTOPbLI MOMNPOCKAN MEANLMHCKIX
cectep NpPOBEPUTb CBEAEHWA KYPHANOB yyeTa POAMIbHBIX 335108
00 OKPY>KHOCTV rOfoBbI. ICMonb3oBanmch Tpv OTAENbHBIX KpUTepUA
MuKpouedanuu: (i) KpuTepui, NpeanoXeHHbIn MHUCTEPCTBOM
3ApaBoOXPaHeHVA bpa3vnnm: AOHOWEHHbBI HOBOPOXKAEHHbIN (CPOK
6epeMeHHOCTY > 37 Hefienb) C OKPY»KHOCTBIO FONOBbI MeHee 32 cm;
(i) KpvBble OeHTOHa: HOBOPOXAEHHbIE C OKPYXHOCTBIO FONOBbI,
KOTOpas Ha —3 CTaHAAPTHBIX OTKNOHEHWA MEHbLLIE CPEeHVIX 3HAUYEH N
[1NA CBOEro Bo3pacta v nona; (i) Kputepuii NponopUnMOHanbHOCTU:
HOBOPOXAEHHbIE, UbA OKPYKHOCTb FOMOBbI MEHbLUE 3HAUYEHMA,
nonyyeHHoro no dopmysne ((poct/2)+10)£ 2.

Pesynbratbl B nepuog ¢ 1 no 31 gekabpa 2015 rofa MeanLMHCKMe
CecTpbl nonyynnu gaHHole ana 16 208 HOBOPOXAEHHbIX. B

3aBNCMMOCTM OT MCMONb30BAHHbBIX KPUTEPMEB KONMYECTBO
HOBOPOXAEHHbIX C MMKpoLiedanven BapblpoBano ot 678 fo
1272 (4,2-8,2%). [1Ba npoueHTa (316) HOBOPOXKAEHHbBIX OTBEYaNn
BCEM Tpem Kputepmam. HauvHasa ¢ koHua 2012 roaa Habntofanmncs
BpemeHHble GyKTyaLmy 4acToTbl MUKpOLEehanmm.

BbiBogbl Konnyectso cnyyaes mrKkpoLedanun B 3ToM pervoHe
3HaYMTENbHO Bbille, YeM UMbpbl, NPUBOAMMBIE B CUCTEME
nHGOPMaLMKM O POXKAEHWMN KNBLIX AeTell B bpa3unum (6,4 Ha
10 000 MBbIX HOBOPOXAEHHbIX). STV pe3ynbTaTel NOAHUMAIOT
BOMPOChI O CUCTEME YBEAOMAEHWA, O NPUTOAHOCTY AMArHOCTUYECKIX
KpUTepreB 1 O TOM, Kakue NOCNeaCTBUA OXKMAAIOT Tak1X AeTel u
Vx popuTenen B Gyayulem. Heobxoambl HOBble MCCeoBaHWA ANA
MOHVIMAHVIA 3TOM 3NUAEMMUONONAN 1 ee NOCNeACTBUN ANA CUCTEMbI
30paBOOXPaHeHNA bpasunuu.
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Resumen

Microcefalia en el noreste de Brasil: un estudio retrospectivo sobre los neonatos nacidos entre 2012y 2015

Objetivo Evaluar el nimero de nifios nacidos con microcefalia en el
estado de Paraiba, en el noreste de Brasil.

Métodos Se contactd con 21 centros de maternidad pertenecientes
a una red de cardiologia pedidtrica con acceso a informacion relativa
a mas de 100 000 neonatos nacidos entre el 1 de enero de 2012y el
31 de diciembre de 2015. Para el 10% de estos neonatos, se solicité a
las enfermeras que recuperaran los datos acerca de las mediciones del
perimetro cefélico de los archivos de las salas de parto. Se utilizaron tres
criterios distintos para clasificar si un neonato tenfa o no microcefalia:
(i) los criterios propuestos por el Ministerio de Sanidad de Brasil: recién
nacidos a término (edad gestacional 37 semanas) con un perimetro
cefélico inferior a 32 cm; (ii) las curvas de Fenton: recién nacidos con
perimetro cefélico inferior a la desviacion estandar de -3 para la edad
y el género; o (iii) los criterios de proporcionalidad: recién nacidos con
un perfimetro cefélico inferior a ((altura/2)+10) + 2.

Resultados Entre el 1y el 31 de diciembre de 2015, las enfermeras
obtuvieron datos relativos a 16 208 neonatos. Segun los criterios que
se utilizaron, el nimero de recién nacidos con microcefalia varié de 678
a 1272 (4,2-8,2%). El 2% (316) de los neonatos cumplié con los tres
criterios. Se observaron fluctuaciones temporales de prevalencia de
microcefalia a partir de finales de 2012.

Conclusion Las cifras registradas de casos de microcefalia son mucho
mayores del 6,4 por cada 10 000 nacidos vivos registrados por el sistema
de informacion de nacidos vivos de Brasil. Los resultados plantean
dudas acerca del sistema de notificacion, la aptitud de los criterios
de diagndstico y las implicaciones futuras para los nifios afectados y
sus familias. Es necesario realizar mas estudios para comprender la
epidemiologfa y las implicaciones para el sistema sanitario brasilefio.
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